Fundamental energies are determined optically for an ensemble of correlated electrons in an antiferromagnetic insulator, V203. The observed variation of the energy gap and the kinetic energy are compared quantitatively to some approximate solutions of the Hubbard Hamiltonian.
The approach to the metal-insulator transition by a collection of correlated electrons has been a subject of considerable interest since Mott's classic paper [1] in 1949. In the class of systems where the electrons attempt to form a half-filled band, but remain insulating, Mott [1] and Hubbard [2] have suggested that the band could have been split by the Coulomb repulsion among the electrons.
Alternatively, Slater [3] suggested that antiferromagnetic interactions alone could open an energy gap to produce an insulator. These authors have argued that these general considerations apply in some form to a very wide class of condensed matter systems. Recently, new, approximate solutions [4 -7] of the Hubbard model containing both these ideas have been studied extensively. The motivation of our experiments has been to compare these new calculations with the optical spectra of a model system of correlated electrons.
We have chosen V203 because there are some indications [8, 9] that it may be approximated by a Hubbard model. Band-structure calculations [10] show that a range of V-V transitions (from predominantly V initial states to predominantly V final states) dominates the spectrum up to about 3.5 eV and a range of V-0 transitions occurs only at higher E. We find that its optical conductivity is in good agreement with the band structure. Anderson [11] has suggested that the Hubbard model applies with an effective (rather than a bare) Coulomb interaction energy. Brinkman and Rice [12] ,for example, have argued further that the model applies with magnetic correlations relatively unimportant in the metallic state.
Another motivation for our choice of V203 was that carefully characterized crystals [9, 13, 14] were available.
We have been able to measure the optical energy gap, which, to our knowledge, had not been measured previously, partly because of the improved materials. Previously, an energy gap had been inferred from various measurements, such as the temperature dependence of the resistivity [8, 13, 14] . However, the only far-infrared optical measurements [15] showed a reduction in the conductivity at low E but no energy gap. A similar reduction in the density of states has been observed in photoemission spectra [16] , also with no spectral region with negligible signal intensity.
We have made measurements with energy resolution less than 1 meV on crystals which we found to be very difficult to anneal, polish, and etch, with the additional difficulty that they crack on passing through the metalinsulator transition that occurs on cooling from room temperature.
Based on optical and dc transport characterization of over 10 crystals, we have developed annealing and surface preparation procedures which yield reproducible spectra [17] . We have made reflectivity, R, measurements from the far-infrared to E = 3.5 eV (a frequency, ta, about 27000 crn ') and used the measurements of Shin [4, 5] ) which can introduce conducting states into a filled band, and it also differs from disordered doping which primarily introduces impurity states into the gap [1] . We see negligible absorption (except that due to phonons) in the energy gap, and our 0. extrapolated to E = 0 agrees with the (essentially zero) measured dc conductivity, trd"of similarly prepared samples.
Qualitatively, the spectra show an energy gap, 2b"with a "soft" edge and a broad peak at higher energy. This 0031-9007/94/73 (11)/1529 (4) [5, 7, 19, 20] Fig. 1 ), corresponds [7, 19, 20] We compare these measurements with theoretical predictions for 2A/D in Fig. 2 [4, 21] about the exactly solvable limits, U/D = 0 and U/D =~, (2) Hartree-Fock mean-field [6] (3) slave-boson mean-field [7] , and (4) dynamical mean-field [5] [5, 20] [4] , the result is similar to the dash-dash-dotted line, and is given by (T)/(T)o = 1 -0.098(U/D)2 (not shown in the figure) .
In three dimensions [4, 25] 
